Fused ring 3,4-dihydropyrimidin-2(1H)-ones and thiones were synthesized by the onepot three component condensation of 6-methoxy-1-tetralone, aromatic aldehydes and urea or thiourea under solvent-free conditions at 120°C utilizing poly(4-vinylpyridinium)hydrogen sulfate as Bronsted acid catalyst. This methodology has an advantage of good yields, shorter reaction times, straight forward workup and reusability of the catalyst over five additional times without losing its activity and product yield. ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Recently, the interest in the synthesis of 3,4-dihydropyrimidin-2(1H)-ones and their derivatives is increasing tremendously because of their pharmacological and therapeutic properties such as calcium channel blockers, antihypertensive agents, a 1a -antagonists and neuropeptide Y(NPY) antagonists (Atwal et al., 1991) . They are also known to possess interesting biological activities such as antiallergic, antibacterial, antifungal, antitumor, anti-inflammatory, antiviral and anticancer activities (Kamaljit et al., 2011) . The first synthetic method for the preparation of 3,4-dihydropyrimidine-2(1H)-ones (DHPMs) was reported by Biginelli. It involves the one-pot three component condensation of b-dicarbonyl compounds, aldehydes, and urea or thiourea in ethanol under strongly acidic conditions. This reaction often requires harsh conditions, long reaction times and affords low yields in the case of substituted aromatic and aliphatic aldehydes (Atwal et al., 1989) .
In view of the pharmaceutical importance of these compounds, recently many methods have been developed such as ultrasound irradiation (Ji-Tai et al., 2003) , microwave irradiation (Banik et al., 2007) , Lewis and protic acid promoters such as lanthanide triflate (Ma et al., 2000) , strontium(II) triflate (Su et al., 2005) , boric acid (Tu et al., 2003) , KSF montmorillonite (Haixia et al., 2000) , CuCl 2 (Mirza-Aghayan et al., 2010) , SnCl 2 AE2H 2 O (Dennis et al., 2004) , triphenylphosphine (Debache et al., 2008) , Mn(OAc) 3 AE2H 2 O (Kumar et al., 2001) , sodium selenate (Rahim et al., 2009) , silicasulfuric acid (Salehi et al., 2003) , polyphosphate ester (Fabio and Kappe, 2001) , indion-130 (Akshay et al., 2009) , formic acid (Cheng and Qi, 2007) and ionic liquid (Peng and Deng, 2001 ) promoted reactions. Many of these reported methods suffer from one or several drawbacks such as low yield, long reaction time, tedious workup, harsh reaction conditions and use of large quantity of expensive reagents. To avoid these limitations, we have developed an efficient method for the synthesis of fused 3,4dihydropyrimidin-2(1H)-ones and thiones under solvent free conditions using poly(4-vinylpyridinium)hydrogen sulfate (P(4-VPH)HSO 4 ) as Bronsted acid catalyst.
Results and discussions
In continuation of our studies on the synthesis of Biginelli like scaffolds using novel catalysts (Janardhan et al., 2012; Kumar et al., 2005) , herein we describe a simple and efficient method for the synthesis of fused 3,4-dihydropyrimidin-2(1H)-ones (4a-j) and thiones (5a-j) by a three component cyclocondensa-tion reaction of 6-methoxy-1-tetralone (1), aromatic aldehydes (2a-j) and urea (3a) or thiourea (3b) using P(4-VPH)HSO 4 as the catalyst under neat conditions with excellent yields (Scheme 1). The catalyst P(4-VPH)HSO 4 was prepared according to the literature procedure (Khaligh, 2012) .
Initially, to know the optimistic conditions a model reaction of 6-methoxy-1-tetralone with benzaldehyde and urea (Scheme 2) was carried out at different temperatures without and with the variant amount of catalyst under solvent-free conditions. In the absence of catalyst the yield of the product 4a was observed only in trace amounts even at 150°C, in the presence of catalyst the yield of the product 4a gradually increases with an increase in the amount of catalyst and temperature and observed maximum yield at 120°C with 0.015 g of catalyst (Table 1) . Further increment in temperature and the amount of catalyst has not shown any effect on the product yield and reaction time. At these optimistic conditions (120°C, 0.015 g of catalyst) we synthesized various fused 3,4dihydropyrimidin-2(1H)-ones (4a-j) and thiones (5a-j) with excellent yields, the results are postulated in Table 2 . After completion of the reaction the catalyst was recovered, washed with dichloromethane, dried and reused for subsequent reactions without significant loss in its activity. For example, the reaction of 6-methoxy-1-tetralone, benzaldehyde and urea gave the corresponding 3,4-dihydropyrimidin-2(1H)-one 4a in 94%, 93%, 92%, 92% and 90% yields over additional five cycles.
The efficiency of P(4-VPH)HSO 4 was compared with different acid catalysts (cellulose sulfuric acid, silica sulfuric acid, sulfuric acid and hydrochloric acid) under solvent free conditions at 120°C, and observed the maximum yield of the product with P(4-VPH)HSO 4 in shorter reaction times ( Table 3) . All the synthesized compounds were characterized by their analytical and spectroscopic data.
Experimental
Melting points were determined in open capillaries using a Stuart SMP30 apparatus (Bibby Scientific Limited, Staffordshire ST15 0SA, UK) and are uncorrected. The progress of the reaction was monitored by thin layer chromatography with F254 silica-gel precoated sheets (Merck, Darmstadt, Germany) using hexane/ethyl acetate 8/2 as eluent; UV light and iodine vapor are used for detection. IR spectra were recorded on a Thermo Nicolet Nexus 670 spectrometer (Thermo Scientific Ltd., Wisconsin, USA) using KBr pellets. The C, H and N Table 1 The effect of temperature and the amount of P(4-VPH)HSO 4 on 3,4,5,6-tetrahydro-8-methoxy-4-phenylbenzo[h] Reaction conditions: 6-methoxy-1-tetralone (1 mmol), aryl aldehyde (1 mmol), urea/thiourea (1.2 mmol) and P(4-VPH)HSO 4 (0.015 g), 120°C, neat conditions. a Isolated yield. analyses of the compounds were done on a Carlo Erba modal EA1108 (Triad Scientific Ltd., New Jersey, USA); 1 H NMR and 13 C NMR spectra were obtained at 300 and 75 MHz, respectively, on a Bruker spectrometer (Bruker Corporation Ltd., Germany) using TMS as an internal standard. Mass spectra were recorded on a Jeol JMSD-300 spectrometer (Jeol Ltd., Tokyo, Japan).
3.1. General procedure for the synthesis of 4(a-j) and 5(a-j)
To a mixture of 6-methoxy-1-tetralone (1 mmol), aromatic aldehyde (1 mmol) and urea or thiourea (1.2 mmol); P(4-VPH)HSO 4 (0.015 g) was added and heated at 120°C under neat conditions for an appropriate time as shown in Table 2 .
After completion of the reaction as indicated by TLC, 5 mL of ethanol was added and the mixture was stirred at room temperature for an additional 10 min. The residue (catalyst) was separated by filtration and the filtrate was concentrated under reduced pressure, the crude product was crystallized from ethanol to afford the pure product. The catalyst separated was washed with dichloromethane, dried and reused for subsequent runs. 153.2, 145.1, 137.5, 128.6, 127.8, 127.4, 127.1, 122.5, 121.4, 113.6, 110.9, 105.0, 58.4, 55.1, 28.0, 23.5 ; MS: m/z = 306 (M + ); Anal. Calcd for C 19 H 18 N 2 O 2 : C, 74.49; H, 5.92; N, 9.14. Found: C, 74.21; H, 6.13; N, 9.32 .
Conclusion
In conclusion, we have developed an efficient protocol for the synthesis of fused 3,4-dihydropyrimidin-2(1H)-ones and thiones under solvent-free conditions using a novel Bronsted acid catalyst (P(4-VPH)HSO 4 ). This protocol offers several advantages such as high yield of products in short reaction times, simple work-up procedure, easy isolation of the catalyst form the reaction mixture, reusability of the catalyst and environmentally benign nature. We believe this methodology is superior to existing methodologies for the synthesis of fused 3,4-dihydropyrimidin-2(1H)-ones and thiones.
